A rapid, sensitive convenient method for determination of aflatoxin M 1 (AFM 1 ) in cheese and butter by HPLC was developed and validated. The method employs a safe extraction solution (mixture of acetonitrile, methanol and water) and an immunoa$nity column (IAC) for clean-up. Compared with the widely used method employing chloroform and a Florisil column, the IAC method has a short analytical time and there are no interference peaks. The limits of quantification (LOQ) of the IAC method were 0.12 and 0.14 ῌg/kg, while those of the Florisil column method were 0.47 and 0.23 ῌg/kg in cheese and bu#er, respectively. The recovery and relative standard deviation (RSD) for cheese (spiked at 0.5 ῌg/kg) in the IAC method were 92῎ and 7῎, respectively, while for the Florisil column method the corresponding values were 76῎ and 10῎. The recovery and RSD for butter (spiked at 0.5 ῌg/kg) in the IAC method were 97῎ and 9῎, and those in the Florisil method were 74῎ and 9῎, respectively. In the IAC method, the values of in-house precision (n῍2, day῍5) of cheese and butter (spiked at 0.5 ῌg/kg) were 9῎ and 13῎, respectively. The IAC method is superior to the Florisil column method in terms of safety, ease of handling, sensitivity and reliability. A survey of AFM 1 contamination in imported cheese and butter in Japan was conducted by the IAC method. AFM 1 was not detected in 60 samples of cheese and 30 samples of butter.
Introduction
Aflatoxins, a group of potent carcinogenic and teratogenic compounds, are secondary metabolic products of Aspergillus flavas, A. parasiticus and A. nomius, which may grow in various agricultural commodities. Aflatoxin B 1 (AFB 1 ), the most toxic compound of the group, is metabolized by the hepatic microsomal mixedfunction oxidase system 1) ῌ Aflatoxin M 1 (AFM 1 ) is an AFB 1 metabolite that may contaminate mammalian milk 2) ῌ Since AFM 1 is a stable compound, it may also contaminate dairy products such as cheese and butter manufactured with contaminated milk.
The experimentally determined carcinogenic potency of AFM 1 is one order of magnitude less than that of AFB 1 3) ῌ AFM 1 was classified as a possibly carcinogenic compound to humans (Group 2B) by the International Agency for Research on Cancer (IARC) 4) ῌ Many countries have established regulations for AFM 1 in milk and dairy products. In 2001, the Codex Alimentarius Commission established the maximum permitted level (MPL) of 0.5 ῌg/kg for AFM 1 in milk 3) ῌ The MPL for milk is 0.5 ῌg/kg in the United States῍ 1 ῍ 1 U.S. Compliance Policy Guideline 527.400. and 0.05 ῌg/kg in the European Union 5) ῌ An MPL of 0.25 ῌg/kg for AFM 1 in cheese has been established by Switzerland and Austria 6) ῌ Many analytical methods, including TLC, HPLC and LCῌMS/MS, have been used to determine aflatoxins. Immunoa$nity columns (IACs) 7) and solid-phase extraction 8) are available for clean-up of AFM 1 . For milk, IAC is often used as a clean-up procedure, and has been adopted in the O$cial Methods of Analysis of AOAC International 9) ῌ However, no convenient and reliable method for AFM 1 determination in cheese and butter has been validated. Methods to determine AFM 1 in foods using Florisil columns with chloroform are generally accepted and have been used for a survey of AFM 1 in cheese in Japan 8) ῌ However, chloroform is defined by the IARC as a possibly carcinogenic compound to humans (Group 2B) 10) ῌ Although some studies in Europe used IACs to clean-up AFM 1 in cheese, dichloromethane was used as the extract solvent 11), 12) ῌ Dichloromethane is also defined as a possibly carcinogenic compound to humans (Group 2B) 13) ῌ Therefore, in this study, we developed a precise, accurate, sensitive, convenient and safe analytical method for determining AFM 1 in cheese and butter. We validated this newly developed IAC method in a single laboratory according to the Japanese guideline for pesti-cides῍ 2 ῌ We then employed this validated method to survey AFM 1 in 60 samples of imported cheese and 30 samples of imported butter.
Materials and Methods

Reagents and samples
AFM 1 was purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan). A stock solution of AFM 1 (10 ῌg/mL) in acetonitrile was prepared in amber silized vials (GL Sciences Inc., Tokyo, Japan) and stored at ῍20῏ in the dark. Acetonitrile and methanol were of high performance liquid chromatography (HPLC) grade (Wako Pure Chemical Industries, Ltd.). Phosphate-bu#ered saline (PBS) was prepared by reconstitution of PBS tablets (MP Biomedicals, LLC, Santa Ana, CA, USA) in water. Cheese (Cheddar) and butter were purchased from supermarkets located in Tokyo, and stored at 4῏ until use.
Florisil column clean-up procedure
Cheese and bu#er were cleaned up by the method of Kamimura et al. 8) with a slight modification. Briefly, 20 g of ground cheese was placed in a 500-mL blender jar. Ten mL of saturated saline and 100 mL of chloroform were added, and the sample was homogenized in a homogenizer (Nihonseiki Kaisha Ltd., Tokyo, Japan) at 4,000 rpm for 3 min, and filtered through a No. 4-filter paper (Whatman plc, Maidstone, Kent, UK). Fifty mL of the chloroform layer of the clear filtrate was placed in a 50-mL graduated cylinder with a glass stopper. After addition of 10 g of sodium sulfate anhydrous (Na 2 SO 4 ), the cylinder was vigorously shaken, and this chloroform solution was used for analysis.
Ten g of chopped butter was placed in a 100-mL blender jar, and 40 mL of chloroform was added. The sample was homogenized at 4,000 rpm for 2 min. The sample was maintained at ῍20῏ for 15 min, and then filtered through a No. 4-filter paper.
A Florisil column (Sep-Pak Plus, Waters, Milford, MA, USA) was equilibrated in 30 mL of chloroform. In the case of cheese, the analysis sample (50 mL) was loaded onto the Florisil column. In the case of butter, the entire filtrate was loaded onto the Florisil column. In both cases, the column was washed with 20 mL chloroform and 30 mL of chloroformῌmethanol (9 : 1, v/v), and AFM 1 was eluted with 30 mL of acetoneῌwater (99 : 1, v/v). The eluate was collected in a flask and evaporated using a rotary evaporator. The residue was subjected to HPLC.
Immunoa$nity column clean-up procedure
Ten g of ground cheese was placed in a 100-mL blender jar and a mixture of 40 mL of acetonitrileῌ methanolῌwater (6 : 1 : 3, v/v/v) was added.
The sample was homogenized at 4,000 rpm for 5 min, then centrifuged with a centrifuge (Kubota Corp., Tokyo, Japan) at 3,000 rpm for 5 min. Ten mL of the supernatant was diluted in 30 mL of PBS and filtered through a glass filter (934AH, Whatman plc, Maidstone, Kent, UK). Ten g of chopped butter was placed in a 100-mL blender jar and 40 mL of the mixture of acetonitrileῌ methanolῌwater (6 : 1 :
The sample was homogenized at 4,000 rpm for 2 min and filtered through a No. 4-filter paper. Ten mL of the resulting filtrate was diluted in 30 mL of PBS, and filtered through a 934AH glass filter.
An AFLAKING IAC (Horiba, Ltd., Kyoto, Japan), which was reported by Uchigashima et al. 14) to be tolerant to organic solvents, was used in this study. This IAC is compatible with 40ῐ methanol or 20ῐ acetonitrile. For both cheese and butter, the IAC was conditioned with 10 mL of PBS and then 20 mL of the filtrate was loaded onto the column. The column was then washed with 10 mL of PBS and 10 mL of water. AFM 1 was then eluted with 1 mL of acetonitrile three times, with gravity flow. The eluate was evaporated under nitrogen gas. The residue was subjected to HPLC.
Fortified test
AFM 1 was spiked into cheese and butter at 0.5 ῌg/kg for the Florisil column procedure. For the IAC procedure, AFM 1 was spiked at 0.1 and 0.5 ῌg/kg. The samples were held at room temperature in the dark for 1 hr according to Japanese guideline for pesticides῍ 2 and the method of Itoh et al. 15) , and then extraction solvents were added as described above.
HPLC
The HPLC procedure adapted for cheese and bu#er followed the method reported by Nakajima et al. 16) ῌ The residue was dissolved in 1.0 mL of acetonitrileῌ water (2 : 8, v/v), and the solvent was filtered through a 0.45-ῌm filter (Sartorius Stedim Biotech GmbH, Goettingen, Germany). Standard solutions prepared from the stock solution of AFM 1 (10 ῌg/mL) were also evaporated under nitrogen gas and dissolved in 1.0 mL of acetonitrileῌwater (2 : 8, v/v). HPLC was performed with a Shimadzu LC-10A apparatus (Shimadzu, Kyoto, Japan) equipped with a RF-10AXL fluorescence detector (excitation at 365 nm and emission at 435 nm). A C18-column (4.6῎250 mm, 5 ῌm of particles) with a guard column (Inertsil ODS-3, GL Sciences Inc., Tokyo, Japan) was used at 40῏ with a CTO-10A column oven. The composition of the mobile phase was acetonitrileῌ water (25 : 75, v/v) at a flow rate of 1.0 mL/min. Injection volumes of samples and standard solutions were 50 ῌL and a SIL-10AF auto-injector was used. The concentration range of standard solutions for the Florisil column procedure was 0.25ῌ10 ῌg/mL with the middle sensitivity setting of the detector, and the concentration range of standard solutions for the IAC procedure was 0.1ῌ1.0 ῌg/mL with the high sensitivity setting.
Evaluation of the methods for quantifying AFM 1 The Florisil column procedure was compared with the IAC procedure (n῍7). Limits of detection (LOD) were calculated at a signal-to-noise (S/N) ratio of 3.3 : 1, and limits of quantification (LOQ) were calculated at a S/N ratio of 10 : 1. The IAC procedure was also evaluated by means of a 5-day single laboratory validation (0.5 ῌg/kg spiked, n῍2 per day) according to Japanese guidelines for pesticidesῌ 2 ῌ
Surveillance of AFM 1 in cheese and butter
The occurrence of AFM 1 in 60 cheese and 30 butter samples was examined by using the validated IAC method in this study.
Imported cheese was either Cheddar or Gouda imported from The Netherlands, Denmark, Germany, the U.S.A., New Zealand or Australia. Butter was imported from The Netherlands, Denmark, the U.S.A., New Zealand or Australia.
Results
Comparison of Florisil and immunoa$nity column cleanup procedures
For the Florisil column procedure, chloroform is used as the extraction solvent to obtain a high recovery and as the washing solvent, but it is classified as a carcinogen. However, for the IAC procedure, methanol and acetonitrile (which are relatively safe) provided high recovery. The IAC procedure required less time, especially in the column clean-up step, than the Florisil procedure. Table 1 compares the results obtained for cheese using the IAC and Florisil column procedures. The recovery was 76῎ and the relative standard deviation (RSD) value was 10῎ in the Florisil procedure for samples spiked with 0.5 ῌg/kg AFM 1 , but the corresponding values were 92῎ and 7῎ for the IAC procedure. For samples spiked with 0.1 ῌg/kg, recovery was 90῎ and RSD was 10῎ in the IAC procedure. The LOD in the Florisil column procedure was 0.15 ῌg/kg and the LOQ was 0.47 ῌg/kg, while the corresponding values were 0.04 and 0.12 ῌg/kg for the IAC procedure. HPLC chromatograms of AFM 1 in cheese are shown in Fig. 1 . A huge peak was detected before the AFM 1 peak, in the chromatogram in the Florisil column procedure (Fig. 1A) , but in the IAC procedure there was no interfering peak before the AFM 1 peak (Fig. 1B) . Table 2 shows a comparison of parameters for butter obtained by the two procedures. For the sample spiked with 0.5 ῌg/kg AFM 1 , the recovery was 74῎ and the RSD value was 9῎ in the Florisil procedure while in the IAC procedure these values were 97῎ and 9῎, respectively. For the sample spiked with 0.1 ῌg/kg AFM 1 , the recovery was 105῎ and RSD was 11῎ in the IAC procedure. LOD in the Florisil column procedure was 0.08 ῌg/kg and LOQ was 0.23 ῌg/kg. LOD and LOQ in The tested cheese was spiked with aflatoxin M1 at 0.5 ῌg/kg. A: chromatogram obtained using Florisil column procedure, B: chromatogram obtained using IAC procedure the IAC procedure were 0.05 and 0.14 ῌg/kg, respectively. HPLC chromatograms of AFM 1 in butter are shown in Fig. 2 . Before the AFM 1 peak, an interfering peak was detected in the chromatogram of the Florisil column procedure ( Fig. 2A) , but the chromatogram of the IAC procedure showed a clear baseline (Fig. 2B ).
Single laboratory validation of the IAC procedure
We conducted a single laboratory validation according to the Japanese guideline for pesticidesῌ 2 using IAC for AFM 1 in cheese and butter.
The recovery, repeatability and in-house precision of AFM 1 were 85῎, 5῎ and 9῎ in cheese, and 91῎, 9῎ and 13῎ in butter, respectively.
Surveillance of AFM 1 in cheese and butter AFM 1 was not detected in any of the 60 samples of cheese and 30 samples of butter.
Chromatograms of 6 samples of cheese showed an AFM 1 peak, but the concentrations were under the LOD.
None of the chromatograms of butter showed any peak around the AFM 1 retention time.
Discussion
Due to the slightly polar character of AFM 1 , solvents such as methanol, acetone, chloroform, and combinations of these solvents can be used to extract AFM 1 from various kinds of food materials. It was reported that a mixture of acetonitrile, methanol and water was useful for extraction of mycotoxins in foods containing high concentrations of salts or sugars, such as choco-late, a#ording a high recovery 15) ῌ In this study we applied this extraction solvent to cheese and butter, as a convenient procedure to extract AFM 1 .
It is necessary, when using IAC, to dilute the extract with water or PBS to reduce the amount of organic solvent 17) ῌ The IAC used in this study was compatible with an organic solvent concentration of up to 17.5῎. We could apply the extract to IAC without much dilution, so we could obtain good recoveries of AFM 1 with easy handling in a short time.
In cheese (Table 1) , the recovery rate of the Florisil column procedure was acceptable at 0.5 ῌg/kg AFM 1 but was lower than that of the IAC procedure. RSD values of both clean-up procedures were acceptable at 0.5 ῌg/kg. When AFM 1 was spiked at 0.1 ῌg/kg, the IAC procedure showed an acceptable recovery rate and RSD value. The LOD and LOQ of the IAC procedure were lower than those of the Florisil column procedure. The eluate from the Florisil column showed an interference peak ahead of the AFM 1 peak (Fig. 1) . The HPLC injection sample size was 10 g sample equivalent in the Florisil column procedure or 1.25 g sample equivalent in the IAC procedure. Interference in chromatograms influences the S/N ratio, so LOD and LOQ in the IAC procedure were lower than those in the Florisil column procedure.
In the case of butter (Table 2) , the recovery rate in the Florisil column procedure was acceptable from samples spiked with 0.5 ῌg/kg, but was lower than that of the IAC procedure. RSD values of both clean-up procedures were acceptable at 0.5 ῌg/kg. When samples were The tested butter was spiked with aflatoxin M1 at 0.5 ῌg/kg. A: chromatogram obtained using Florisil column procedure, B: chromatogram obtained using IAC procedure spiked with 0.1 ῌg/kg, the IAC procedure showed a high recovery rate and an acceptable RSD value. The LOD and LOQ in the IAC procedure were also lower than in the Florisil column procedure. In the Florisil procedure, a large peak appeared before the AFM 1 peak on the chromatogram (Fig. 2) , as was observed for cheese. The Florisil column procedure requires chloroform, which is hazardous, for extracting AFM 1 . It is also more time-consuming and complicated than the IAC procedure.
The IAC procedure was superior to the Florisil column procedure in terms of performance, speed and safety. The mixture of acetonitrile, methanol, and water was very e#ective as an extraction solvent in the analysis of AFM 1 in cheese and butter.
The results of this single laboratory validation of the IAC procedure for the analysis of AFM 1 in cheese and butter revealed that the IAC procedure is suitable for the determination of AFM 1 in cheese and butter. The Japanese guideline of method validation for pesticides῍ 2 requires that recovery should be 70 to 120ῐ and RSD under 30ῐ with an in-house precision ῎35ῐ. The results obtained from this study satisfied these conditions for AFM 1 at 0.5 ῌg/kg in cheese and butter. To confirm that butter is a suitable sample, we performed a preliminary test using the IAC procedure at 0.5 ῌg/kg as follows. The butter samples were melted at 40῏, and fortified with AFM 1 . After 1 hr, the butter was resolidified at 4῏. The recovery of the preliminary test was 88ῐ (n῍2), and was the same as that of the fortified test according to Japanese guideline for pesticides. Therefore, the Japanese guideline method was used for butter in this study. The commission directive 98/53/EC 18) on validation procedures of mycotoxins describes the enforcement criteria for o$cial methods. According to these criteria, recovery is 70 to 120ῐ and RSD is consistent with the Horwits equation. The IAC procedure also satisfied these criteria.
Using the IAC procedure, which was validated in this study, AFM 1 was not detected in imported cheese and butter in Japan. In butter, AFM 1 was undetectable. However, chromatograms obtained from a few cheese samples showed traces of AFM 1 . But, no sample exceeded the LOD. Many studies have shown that the concentration of AFM 1 in cheese is higher than that of the original milk because of the association of AFM 1 with casein 19) ῌ AFM 1 is more likely to be found in cheese than in butter 2) ῌ Our study confirmed this.
In Japan, studies on the occurrence of AFM 1 in im-ported and domestic cheese were conducted in 1979ῌ 1992 20)ῌ24) ῌ After 1988, AFM 1 was not detected in cheese in Japan. However some studies in other countries have found AFM 1 at concentrations of more than 0.
25 ῌg/kg in cheese 12), 25) ῌ The number of imported milk products is increasing and there is no regulation for AFM 1 in Japan. Therefore, we need to monitor AFM 1 in dairy products.
